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ANNUAL (FINAL) REPORT: CONTROLLED TRIAL OF CHEMOPREVENTION
USING COX-2 INHIBITORS IN AN AVIAN MODEL OF SPONTANEOUS OVARIAN
CARCINOGENESIS (W81XWH-04-1-0322)

INVESTIGATORS: Mack N. Barnes MD, Wallace D. Berry PhD

INTRODUCTION

Ovarian carcinoma is the fourth leading cause of cancer death in the female
population and the most fatal gynecologic malignancy (1). Approximately, 75% of the
cases of ovarian cancer present in an advanced stage where therapy consists of
surgical debulking and adjuvant chemotherapy (1). Like many other disseminated solid
tumors, studies to date that center on therapeutic strategies suggest it is unlikely that
current treatment of advanced ovarian carcinoma will yield significant improvements in
long term mortality from this insidious disease.

Chemoprevention strategies may provide a rational alternative approach for
meaningful reductions in deaths attributable to ovarian carcinoma (2). Cancer
chemoprevention refers to the prevention of cancer with drugs or natural substances
which do not cause significant side effects when used chronically. Chemoprevention
strategies may provide a rational alternative approach for meaningful reductions in
deaths attributable to ovarian carcinoma (2). Non-steroidal anti-inflammatory drugs
(NSAIDs) have generated significant enthusiasm as chemoprevention agents,
particularly in the area of colon carcinoma (3). Moreover, preliminary data exists to
suggest that these agents may also exhibit preventive effects in cancers of the breast,
lung, cervix, and other components of the gastrointestinal tract (4-7). COX-2 inhibitors

are a class of NSAID selective for the COX-2 enzyme whereby significant upper



gastrointestinal toxicity is averted when administered orally making it an attractive
potential chemopreventive agent. Finally, NSAIDs represent a non-hormonal agent
posing little risk of breast cancer. To more directly address the potential preventive role
of NSAIDs, observational studies of ovarian carcinoma have suggested a risk reduction
with the use of some NSAID derivatives (8-11). These studies are difficult to interpret
due to the retrospective nature of the study design, the potential for recall bias, and the
possibility that the protective effect of these agents might be blunted as they are not
taken on a daily basis in the same way oral contraceptives are. However, a reduction in
the risk of ovarian cancer of approximately 50% has been observed in some of these

studies (10,11).

While a strong rationale for chemoprevention of ovarian carcinoma exists, a
mechanism for the comprehensive evaluation of novel compounds is impeded by the
lack of a validated animal model of induced or spontaneous ovarian carcinogenesis.
Identification of spontaneous reproductive tract adenocarcinoma in the laying hen
(Gallus Domesticus) may provide one answer to this dilemma (12-14). An evaluation of
200 two-year old hens documented a 4% rate of grossly identifiable reproductive tract
adenocarcinomas with a histologic appearance similar to human epithelial ovarian
cancers (14). Alfonso et al, demonstrated a 45% rate of ovarian and oviductal
adenocarcinoma in 4 year old hens suggesting a higher incidence of cancer

development as age increases (15).

Therefore, the purpose of this study was to explore the hypothesis that
administration of the potential class of chemopreventive agents, COX-2 inhibitors, will
result in a decreased rate of development of ovarian carcinoma in an avian model of

spontaneous ovarian carcinogenesis. Two primary objectives were to be examined in



the course of this study. The first objective was to determine a tolerable daily dose
(mg/kg) of COX-2 inhibitor, admixed with standard feed, in the laying hen. The effect of
varying doses of COX-2 inhibitor on egg-laying activity as a surrogate marker for
ovulatory frequency was assessed. The dose identified was then used in the controlled
trial. The second primary objective was to determine, in a controlled chemoprevention
trial, the ability of a COX-2 inhibitor to inhibit the development of spontaneously arising

genital tract adenocarcinoma in the laying hen.

BODY
The stated objectives that were submitted in the original proposal were
completed in accordance with the time line proposed in this funding mechanism. The

objectives were completed using the following methodology.

Methods

COX-2 Inhibitor (Rimadyl)Dose Finding in the Avian Hen

Preliminary unpublished studies had suggested significant and lethal toxicity with
the NSAID, indomethacin, when administered to laying hens (personal communication:
W. Berry). In addition, there is a paucity of information regarding the use of COX-2
inhibitors in the avian hen. Rimadyl (Pharmacia Inc.) is a COX-2 specific inhibitor
approved for use in veterinary medicine and available in a stable powder form. Once

identified, the daily tolerated dose would then be used in the controlled trial.

Three dose levels were established as indicated (Table 1).

Cohort Dose of COX-2 Inhibitor
Control: 0 mg/kg body weight
Dose 1: 2.5 mg/kg body weight
Dose 2: 5 mg/kg body weight
Dose 3: 10 mg/kg body weight



Rimadyl was added with other feed ingredients at the time feed was mixed in the
feed mill and delivered to the hens. 5 hens were utilized per dose level for a total of 20
hens. The hens were monitored for egg laying activity as defined by percent egg laying
activity control (0 mg/kg) and egg shell quality. In addition, toxicity was monitored based
on general appearance, feather quality, evidence of gastrointestinal bleeding, and
death. The planned dose for use in the study would be identified as the dose not

associated with the aforementioned untoward toxicity.

Avian Study Population

Prior to initiation of the study, a power calculation was performed assuming a
40% incidence of genital tract adenocarcinoma. It was estimated that to identify a
reduction in disease of 20% at the 0.05 level of significance a treatment group of 88
hens and a control group of 88 hens would be required. The informative cases were
defined as those hens completing at least six months of a course of treatment. Hens
that were living at the completion of the study period were sacrificed and included in the
“informative group”. Significant attrition from non-malignant causes is known to occur as
hens age, particularly past two years. Therefore, to initiate this study 480 hens (Gallus
Domesticus) were acquired 8/3/04 (kindly provided by D Roland PhD, Professor of
Nutrition, Auburn University). The breed of hens was designated as Gallus Domesticus

and were two years of age upon study initiation.

In order to account for natural attrition, we established a treatment group (240
hens) and a control group (240 hens). It is our practice to allow a period of time for
hens to “acclimate” and, therefore, a period of 8 weeks was utilized to allow the hens to

acclimate. The controlled study was then initiated November 19, 2004, using a daily



dose of Rimadyl of 10mg/kg body weight. A subjective increase in number of hens that
were dying was recognized as they aged and, therefore, the remaining live hens were
sacrificed and necropsy performed September 29, 2006. During the study period,
animals were housed in animal care facilities provided by Auburn University School of
Poultry Science under the direct supervision of one of the studies co-authors (W.D.B.).
The chickens were maintained and sacrificed according to standards governing animal
investigations and provided by Institutional Animal Care and Use Committee at Auburn
University. After the study period had elapsed, the animals were euthanized in
accordance with the rules established by the Panel on Euthanasia of the American
Veterinary Medical Association listed in the 1993 Report of the American Veterinary
Medical Association Panel on Euthanasia. Additionally, in January of each year an
“induced molt” was performed. This procedure entails limiting food and light until a 25%
reduction in body weight from baseline is achieved in the hen. Induced molts restore
normal egg laying activity in this species of captive fowl and is performed as part of the
routine care of these animals irrespective of the ongoing study. If not performed, the
egg laying/ovulatory activity of the control group would cease. In order to maintain a
“standardized environment” both control and treated hens were subjected to annual
induced molts.

At the time of necropsy, the presence or absence of ascites and carcinomatosis
was noted. Additionally, at the time of necropsy, samples of ovary/oviduct were
obtained if no gross evidence of cancer was present. If gross evidence of cancer was
identified, a sample of the metastatic tumor as well as the ovary/oviduct were obtained.

Only those cases where cancer involved the ovary/oviduct structure primarily (with or



without the presence of metastatic disease) are reported as index cases of reproductive

tract adenocarcinoma.

Monitoring of Egg-laying activity

Periodic monitoring of egg-laying activity in the respective study groups was
performed To assess egg laying activity, a cohort of control hens and “treated” hens
were monitored on a weekly basis throughout the 24 month study period and egg
production totaled. More specifically, egg laying activity was monitored in available hens
from week 1 to week 97. The egg production rate of the two groups could then be
compared to assess the effect of administration of COX-2 inhibitor on egg laying activity

and an association with the development of genital tract adenocarcinoma.

Histologic Evaluation

Tissue specimens were fixed in neutral-buffered formalin and processed to
paraffin blocks. The specimens were then taken to the UAB Ovarian Cancer Core
pathology facility for further processing. The specimens were paraffin embeded and
five-micron sections were cut from each paraffin block, stained with hematoxylin and
eosin (H&E), and reviewed by a pathologist (W.E.G.) for presence or absence of
reproductive tract adenocarcinoma. All specimens were reviewed by a single pathologist
(W.E.G.) who had gained experience in the histopathology of avian reproductive tract
adenocarcinomas during a previous study (14). As all cases had oviductal tissues
available for histologic review, cases were subjectively divided into small, medium, and

large volume of tumor for a more detailed analysis.



Statistical Analysis

A qualitative assessment of the influence of administration of the preventive

agent, Rimadyl (COX-2 inhibitor) on egg laying activity was depicted graphically. The

prevalence of reproductive tract adenocarcinoma was determined after histologic

examination of material from the index case hens. The rate of cancer in the treatment

group (148 informative cases) was then compared to the control group (156 informative

cases). A risk ratio for the presence of reproductive tract adenocarcinoma and a 95%

confidence interval calculated were to be calculated if a difference was observed.

KEY RESEARCH ACCOMPLISHMENTS

Dose Finding Study completed 10/04

No toxicity demonstrated for Rimadyl (COX-2 inhibitor) at 10mg/kg body weight and
this dose selected for treatment group

Hens acquired for trial and acclimated (8/04-10/04)

Controlled trial initiated 11/04. 240 hens were allotted to a treatment group while 240
hens were allotted to a control group (in accordance with proposed statistical
parameters).

Treatment of hens terminated in 9/06 and remaining hens euthanized and necropsy
performed with tissues transported to University of Alabama at Birmingham
(Laboratory of W Grizzle).

Tissues analyzed histologically and determination made of potential differences in
incidence of gental tract adenocarcinoma completed in accordance with time line

3/07
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- Results evaluated and initial draft of manuscript developed and DOD report

submitted 9/06 in accordance with no cost extension granted.

REPORTABLE OUTCOMES

The reportable outcomes obtained from this study are outlined as follows. The
initial dose finding study was completed at four dose levels of Rimadyl as follows; O
mg/kg body weight (control), 0.25 mg/kg body weight, 5mg/kg body weight, and
10mg.kg body weight. Over an 8 week study period (8/04-10/04), no toxicity and no
lethal events were noted. In addition, there did not appear to be any effect on ovulatory
activity, even at the highest dose level. Egg laying activity was also monitored over the
course of the 2 year study period. Given, the ability of these hens to tolerate the highest
dose level, 10mg/kg body weight was determined to be the dose that would be utilized
in the controlled trial.

A total of 480 laying hens were initially divided into a treatment and control group
consisting of 240 hens each. During, and upon completion of the second year of
exposure to COX-2 inhibitor, 304 hens were subjected to necropsy and represent the
“informative” index cases as these were felt to be adequately exposed to the
intervention. For analysis of “informative subjects,” 156 hens constituted the control
group and 148 hens constituted the treatment group. The 176 hens not included in the
“informative cases” were those not exposed to adequate COX-2 inhibition, hens that
expired and were culled during “weekend cage maintenance”, and some that were not
evaluated due to poor tissue depending on cause of death. These hens did not

undergo histologic examination.
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Assessment of egg count data suggests no reduction in the number of eggs

produced in the animals treated exposed to COX-2 inhibitor when compared to control

(Table 2).

Control vs. Rimadyl Egg Producition
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Table 2. Egg Laying Production of COX-2 Exposed Hens Compared To Control Hens
During Week 1 Through 97 Of The Study Period.

As noted previously, no difference in egg-laying activity was observed during the
brief dose finding study. An overall decline in egg laying activity is observed in the entire
cohort of animals as they aged into their fourth year of life, and this physiologic

phenomenon has been observed in prior studies and does not appear to be influenced

12



by administration of a COX-2 inhibitor. A notable decrease in egg production is
observed during week 37-39, which is due to the aforementioned induced molt.

Tissue specimens from all 304 of the index (or informative) cases were examined
histologically for the presence or absence of reproductive tract adenocarcinoma.
Consistent with a previous report, multiple cases of histologically confirmed
spontaneously arising reproductive tract adenocarcinomas were identified (12-15).

The overall rate of spontaneously arising reproductive tract adenocarcinomas
were observed in the study cohort of 304 four year-old hens was 64% (genital tract
adenocarcinoma observed in 194 out of 304 hens). Of the tissues examined from the
informative cases, there was no evidence of a reduction of reproductive tract
adenocarcinoma. In aggregate, 98 of 156 (62%) hens in the control group were noted to
have histologic evidence of genital tract adenocarcinoma while 96 of 148 (64%) in the
Rimadyl group had histologic evidence of genital tract adenocarcinoma. These results
were not significantly different. A subgroup analysis was then performed to see if any
differences were present in volume of tumor present, and as Table 3 indicates no

significant differences were observed.

Volume of Tumor Control Rimadyl Difference
No Tumor 58 52 n.s.
Small 13 17 n.s.
Moderate 23 15 n.s.
Large 62 64 n.s.

Table 3. Evaluation Of Volume Of Tumor Assessed In Hens Exposed to Rimadyl Versus

Control.

CONCLUSIONS
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The ability of chemopreventive strategies to impact the incidence and
subsequent mortality rate of ovarian carcinoma has been a neglected field of study.
However, renewed interest in prevention of ovarian cancer is surfacing given the
minimal impact on long term survival of therapeutic strategies for advanced disease.
Screening strategies for ovarian cancer also have been tested but, at present, there is
little evidence for the success of this strategy given the prohibitively low prevalence of
disease (16). Therefore, prevention of ovarian cancer may represent the most rational
investigational strategy to obtain a reduction in death from disease.

Chemopreventive agents should be associated with low toxicity and ease of
administration, given the relative state of health of patients pursuing preventive
measures. Moreover, as ovarian carcinoma is a relatively rare cancer, ideal agents
would also prevent other more common cancers the patient might be at risk for such as
colon or breast cancer. Preventive agents in ovarian cancer should also be free of
potential stimulatory effects on other cancer for which the patient may be at risk such as
breast cancer. Non-steroidal anti-inflammatory drugs (NSAIDs) have generated
significant enthusiasm as chemoprevention agents, particularly in the area of colon
carcinoma (3). Moreover, preliminary data exists to suggest that these agents may also
exhibit preventive effects in cancers of the breast, lung, cervix, and other components of
the gastrointestinal tract (4-7). COX-2 inhibitors are a class of NSAID selective for the
COX-2 enzyme whereby significant upper gastrointestinal toxicity is averted when
administered orally making it an attractive potential chemopreventive agent. Finally,

NSAIDs represent a non-hormonal agent posing little risk of breast cancer.

Intriguing studies have demonstrated an anti-proliferative effect of NSAIDs in

ovarian cancer and other solid tumors. Indeed, a randomized trial comparing

14



indomethacin to placebo in end stage patients with solid tumors revealed a surprising
survival advantage of 510 days compared to 250 days (p<0.05) in patients with
metastatic cancer (17). Recent reports have also documented the ability of NSAIDs,
and COX-2 inhibitors specifically, to inhibit ovarian tumor cell growth and result in
apoptosis in primary ovarian cancer cell cultures (18). While these studies are
provocative, they more strongly address the role of these agents as anti-neoplastic
drugs rather than agents that either prevent the development of cancer or cause

reversion of the malignant phenotype.

To more directly address the potential preventive role of NSAIDs, case-control
studies of ovarian carcinoma have suggested a risk reduction with the use of some
NSAID derivatives. (8-11). These studies are difficult to interpret due to the
retrospective nature of the study design the potential for recall bias, and the possibility
that the protective effect of these agents might be blunted as they are not taken on a
daily basis in the same way oral contraceptives are. However, the studies led by
Cramer and Rosenberg have suggested a reduction in risk of development of ovarian

cancer associated with aspirin use (10,11).

Thus, the rational was established to study the ability of a COX-2 inhibitor to
reduce the incidence of spontaneous development of genital tract adenocarcinoma in
the laying hen, as this represents an animal model of ovarian carcinoma. Following a
dose finding study, a controlled trial was completed, whereby, a COX-2 inhibitor was
administered and hens exposed to this intervention for 12-22 months were assessed for
the development of carcinoma. No significant difference was observed in our study
suggesting the ability of a COX-2 inhibitor to prevent the development of genital tract

adenocarcinoma in this animal model of ovarian cancer. One can speculate that an
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inadequate dose was utilized or an inadequate length of exposure was utilized leading

to the current results.

Alternatively, it is of significant interest that the COX-2 inhibitor intervention had
no significant effect on ovulatory activity in the laying hen. However, the strongest
support for the potential prevention of ovarian carcinoma lies in epidemiological studies
of oral contraceptives. Multiple studies have demonstrated a risk reduction for the
subsequent development of ovarian carcinoma of approximately 50% in regular users of
oral contraceptives (19-36). These data strongly support a protective role of oral
contraceptives against the development of ovarian carcinoma. Historically, the effect
has been attributed to reduction in the number of ovulatory events associated with
regular use of OCs. This theory had been supported by prior studies of progesterone
derivatives in the laying hen model reported previously (37). In this study, a reduction in
risk of development of genital tract adenocarcinoma was observed in those hens
exposed to medroxyprogesterone which was noted to result in a dramatic but temporary
reduction in ovulatory activity. When this study and the current results are taken in
aggregate, there are further potential clues regarding the importance of ovulatory

activity and the development of ovarian cancer that demand further investigation.

To date, chemoprevention of ovarian carcinoma represents an extremely
neglected field of study. However, continued developments in molecular biology,
biologic therapeutics, and pathogenesis/carcinogenesis are creating a solid rationale to
explore chemoprevention as an approach to reduce deaths attributable to ovarian
carcinoma. The ability of a chemopreventive agent to reduce the frequency of
spontaneously arising reproductive tract adenocarcinomas in the avian hen model

should stimulate further exploration of novel compounds in this context. Moreover, the

16



ability to perform further investigation into the molecular events associated with the
generation of these cancers in the avian model may yield clues to the pathophysiology

of human ovarian carcinoma.
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Abstract
Objective: Due to epidemiological data suggesting a protective effect from non-
steroidal anti-inflammatory drugs (NSAID), a rational exists for the utilization of these
agents in the chemoprevention of ovarian carcinoma. Therefore, the objective of this
study was to determine, in a controlled chemoprevention trial, the ability of a COX-2
inhibitor to inhibit the development of spontaneously arising genital tract
adenocarcinoma in the laying hen (Gallus Domesticus) animal model of ovarian cancer.
Method: Following a dose finding study for the COX-2 inhibitor, Rimadyl, 480 hens
(240 hens in treatment group / 240 hens in control group) were utilized in a controlled
trial of this agent to determine the subsequent development of genital tract
adenocarcinoma. A dose of 10mg/kg body weight of Rimadyl was utilized. The duration
of treatment extended from 11/04 to 9/06. Following the duration of treatment, tissues
from informative hens were examined histologically and the frequency of reproductive
tract adenocarcinoma determined. Results: For analysis of “informative subjects,” 156
hens constituted the control group and 148 hens constituted the treatment group.
Assessment of egg count data suggests no reduction in the number of eggs produced in
the animals treated exposed to COX-2 inhibitor when compared to control. The overall
rate of spontaneously arising reproductive tract adenocarcinomas was 64%. There was
no evidence of a reduction of reproductive tract adenocarcinoma (Treatment group-64%
vs Control Group-62%). Conclusion: In this study, no reduction in the incidence of
genital tract adenocarcinoma was observed in the laying hen model following exposure
to a COX-2 inhibitor. It is of significant interest that no effect on ovulatory activity was

observed. This is particularly relevant given epidemiologic studies that ling a reduction
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of ovulatory activity to reduction of risk in ovarian cancer. This study potentially helps
shed light on the importance of reducing ovulatory activity in the pursuit of ideal

chemopreventive agents for ovarian cancer.
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INTRODUCTION

Ovarian carcinoma is the fourth leading cause of cancer death in the female
population and the most fatal gynecologic malignancy (1). Approximately, 75% of the
cases of ovarian cancer present in an advanced stage where therapy consists of
surgical debulking and adjuvant chemotherapy (1). Like many other disseminated solid
tumors, studies to date that center on therapeutic strategies suggest it is unlikely that
current treatment of advanced ovarian carcinoma will yield significant improvements in
long term mortality from this insidious disease.

Chemoprevention strategies may provide a rational alternative approach for
meaningful reductions in deaths attributable to ovarian carcinoma (2). Cancer
chemoprevention refers to the prevention of cancer with drugs or natural substances
which do not cause significant side effects when used chronically. Chemoprevention
strategies may provide a rational alternative approach for meaningful reductions in
deaths attributable to ovarian carcinoma (2). Non-steroidal anti-inflammatory drugs
(NSAIDs) have generated significant enthusiasm as chemoprevention agents,
particularly in the area of colon carcinoma (3). Moreover, preliminary data exists to
suggest that these agents may also exhibit preventive effects in cancers of the breast,
lung, cervix, and other components of the gastrointestinal tract (4-7). COX-2 inhibitors
are a class of NSAID selective for the COX-2 enzyme whereby significant upper
gastrointestinal toxicity is averted when administered orally making it an attractive
potential chemopreventive agent. Finally, NSAIDs represent a non-hormonal agent
posing little risk of breast cancer. To more directly address the potential preventive role

of NSAIDs, observational studies of ovarian carcinoma have suggested a risk reduction
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with the use of some NSAID derivatives (8-11). These studies are difficult to interpret
due to the retrospective nature of the study design, the potential for recall bias, and the
possibility that the protective effect of these agents might be blunted as they are not
taken on a daily basis in the same way oral contraceptives are. However, a reduction in
the risk of ovarian cancer of approximately 50% has been observed in some of these

studies (10,11).

While a strong rationale for chemoprevention of ovarian carcinoma exists, a
mechanism for the comprehensive evaluation of novel compounds is impeded by the
lack of a validated animal model of induced or spontaneous ovarian carcinogenesis.
Identification of spontaneous reproductive tract adenocarcinoma in the laying hen
(Gallus Domesticus) may provide one answer to this dilemma (12-14). An evaluation of
200 two-year old hens documented a 4% rate of grossly identifiable reproductive tract
adenocarcinomas with a histologic appearance similar to human epithelial ovarian
cancers (14). Alfonso et al, demonstrated a 45% rate of ovarian and oviductal
adenocarcinoma in 4 year old hens suggesting a higher incidence of cancer

development as age increases (15).

Therefore, the purpose of this study was to explore the hypothesis that
administration of the potential class of chemopreventive agents, COX-2 inhibitors, will
result in a decreased rate of development of ovarian carcinoma in an avian model of
spontaneous ovarian carcinogenesis. Two primary objectives were to be examined in
the course of this study. The first objective was to determine a tolerable daily dose
(mg/kg) of COX-2 inhibitor, admixed with standard feed, in the laying hen. The effect of

varying doses of COX-2 inhibitor on egg-laying activity as a surrogate marker for
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ovulatory frequency was assessed. The dose identified was then used in the controlled
trial. The second primary objective was to determine, in a controlled chemoprevention
trial, the ability of a COX-2 inhibitor to inhibit the development of spontaneously arising

genital tract adenocarcinoma in the laying hen.

MATERIALS AND METHODS
COX-2 Inhibitor (Rimadyl) Dose Finding in the Avian Hen

Preliminary unpublished studies had suggested significant and lethal toxicity with
the NSAID, indomethacin, when administered to laying hens (personal communication:
W. Berry). In addition, there is a paucity of information regarding the use of COX-2
inhibitors in the avian hen. Rimadyl (Pharmacia Inc.) is a COX-2 specific inhibitor
approved for use in veterinary medicine and available in a stable powder form. Once

identified, the daily tolerated dose would then be used in the controlled trial.
Three dose levels were established as indicated in Table 1.

Rimadyl was added with other feed ingredients at the time feed was mixed in the
feed mill and delivered to the hens. 5 hens were utilized per dose level for a total of 20
hens. The hens were monitored for egg laying activity as defined by percent egg laying
activity control (0 mg/kg) and egg shell quality. In addition, toxicity was monitored based
on general appearance, feather quality, evidence of gastrointestinal bleeding, and
death. The planned dose for use in the study would be identified as the dose not

associated with the aforementioned untoward toxicity.
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Avian Study Population

Prior to initiation of the study, a power calculation was performed assuming a
40% incidence of genital tract adenocarcinoma. It was estimated that to identify a
reduction in disease of 20% at the 0.05 level of significance a treatment group of 88
hens and a control group of 88 hens would be required. The informative cases were
defined as those hens completing at least six months of a course of treatment. Hens
that were living at the completion of the study period were sacrificed and included in the
“informative group”. Significant attrition from non-malignant causes is known to occur as
hens age, particularly past two years. Therefore, to initiate this study 480 hens (Gallus
Domesticus) were acquired 8/3/04 (kindly provided by D Roland PhD, Professor of
Nutrition, Auburn University). The breed of hens was designated as Gallus Domesticus

and were two years of age upon study initiation.

In order to account for natural attrition, we established a treatment group (240
hens) and a control group (240 hens). Itis our practice to allow a period of time for hens
to “acclimate” and, therefore, a period of 8 weeks was utilized to allow the hens to
acclimate. The controlled study was then initiated November 19, 2004, using a daily
dose of Rimadyl of 10mg/kg body weight. A subjective increase in number of hens that
were dying was recognized as they aged and, therefore, the remaining live hens were
sacrificed and necropsy performed September 29, 2006. During the study period,
animals were housed in animal care facilities provided by Auburn University School of
Poultry Science under the direct supervision of one of the studies co-authors (W.D.B.).

The chickens were maintained and sacrificed according to standards governing animal
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investigations and provided by Institutional Animal Care and Use Committee at Auburn
University. After the study period had elapsed, the animals were euthanized in
accordance with the rules established by the Panel on Euthanasia of the American
Veterinary Medical Association listed in the 1993 Report of the American Veterinary
Medical Association Panel on Euthanasia. Additionally, in January of each year an
“induced molt” was performed. This procedure entails limiting food and light until a 25%
reduction in body weight from baseline is achieved in the hen. Induced molts restore
normal egg laying activity in this species of captive fowl and is performed as part of the
routine care of these animals irrespective of the ongoing study. If not performed, the egg
laying/ovulatory activity of the control group would cease. In order to maintain a
“standardized environment” both control and treated hens were subjected to annual

induced molts.

At the time of necropsy, the presence or absence of ascites and carcinomatosis
was noted. Additionally, at the time of necropsy, samples of ovary/oviduct were obtained
If no gross evidence of cancer was present. If gross evidence of cancer was identified, a
sample of the metastatic tumor as well as the ovary/oviduct were obtained. Only those
cases where cancer involved the ovary/oviduct structure primarily (with or without the
presence of metastatic disease) are reported as index cases of reproductive tract

adenocarcinoma.
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Monitoring of Egg-laying activity

Periodic monitoring of egg-laying activity in the respective study groups was
performed To assess egg laying activity, a cohort of control hens and “treated” hens
were monitored on a weekly basis throughout the 24 month study period and egg
production totaled. More specifically, egg laying activity was monitored in available hens
from week 1 to week 97. The egg production rate of the two groups could then be
compared to assess the effect of administration of COX-2 inhibitor on egg laying activity

and an association with the development of genital tract adenocarinoma.

Histologic Evaluation

Tissue specimens were fixed in neutral-buffered formalin and processed to
paraffin blocks. The specimens were then taken to the UAB Ovarian Cancer Core
pathology facility for further processing. The specimens were paraffin embeded and
five-micron sections were cut from each paraffin block, stained with hematoxylin and
eosin (H&E), and reviewed by a pathologist (W.E.G.) for presence or absence of
reproductive tract adenocarcinoma. All specimens were reviewed by a single pathologist
(W.E.G.) who had gained experience in the histopathology of avian reproductive tract
adenocarcinomas during a previous study (14). As all cases had oviductal tissues
available for histologic review, cases were subjectively divided into small, medium, and

large volume of tumor for a more detailed analysis.
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Statistical Analysis

A qualitative assessment of the influence of administration of the preventive
agent, Rimadyl (COX-2 inhibitor) on egg laying activity was depicted graphically. The
prevalence of reproductive tract adenocarcinoma was determined after histologic
examination of material from the index case hens. The rate of cancer in the treatment
group (148 informative cases) was then compared to the control group (156 informative
cases). A risk ratio for the presence of reproductive tract adenocarcinoma and a 95%

confidence interval calculated were to be calculated if a difference was observed.

Results

The initial dose finding study was completed at four dose levels of Rimadyl as
follows; 0 mg/kg body weight (control), 0.25 mg/kg body weight, 5mg/kg body weight,
and 10mg.kg body weight. Over an 8 week study period (8/04-10/04), no toxicity and no
lethal events were noted. In addition, there did not appear to be any effect on ovulatory
activity, even at the highest dose level. Egg laying activity was also monitored over the
course of the 2 year study period. Given, the ability of these hens to tolerate the highest
dose level, 10mg/kg body weight was determined to be the dose that would be utilized
in the controlled trial.

A total of 480 laying hens were initially divided into a treatment and control group
consisting of 240 hens each. Over a 2 year course of exposure to COX-2 inhibitor, 304
hens were subjected to necropsy and represent the “informative” index cases as these
were felt to be adequately exposed to the intervention. For analysis of “informative
subjects,” 156 hens constituted the control group and 148 hens constituted the

treatment group. The 176 hens not included in the “informative cases” were those not

10
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exposed to adequate COX-2 inhibition, hens that expired and were culled during
“weekend cage maintenance”, and some that were not evaluated due to poor tissue
depending on cause of death. These hens did not undergo histologic examination.

Assessment of egg count data suggests no reduction in the number of eggs
produced in the animals treated exposed to COX-2 inhibitor when compared to control
(Table 2). As noted previously, no difference in egg-laying activity was observed during
the brief dose finding study. An overall decline in egg laying activity is observed in the
entire cohort of animals as they aged into their fourth year of life, and this physiologic
phenomenon has been observed in prior studies and does not appear to be influenced
by administration of a COX-2 inhibitor. A notable decrease in egg production is
observed during week 37-39, which is due to the aforementioned induced molt.

Tissue specimens from all 304 of the index (or informative) cases were examined
histologically for the presence or absence of reproductive tract adenocarcinoma.
Consistent with a previous report, multiple cases of histologically confirmed
spontaneously arising reproductive tract adenocarcinomas were identified (12-15).

The overall rate of spontaneously arising reproductive tract adenocarcinomas
were observed in the study cohort of 304 four year-old hens was 64% (genital tract
adenocarcinoma observed in 194 out of 304 hens). Of the tissues examined from the
informative cases, there was no evidence of a reduction of reproductive tract
adenocarcinoma. In aggregate, 98 of 156 (62%) hens in the control group were noted to
have histologic evidence of genital tract adenocarcinoma while 96 of 148 (64%) in the
Rimadyl group had histologic evidence of genital tract adenocarcinoma. These results

were not significantly different. A subgroup analysis was then performed to see if any

11
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differences were present in volume of tumor present, and as table 3 indicates no

significant differences were observed.

Discussion

The ability of chemopreventive strategies to impact the incidence and
subsequent mortality rate of ovarian carcinoma has been a neglected field of study.
However, renewed interest in prevention of ovarian cancer is surfacing given the
minimal impact on long term survival of therapeutic strategies for advanced disease.
Screening strategies for ovarian cancer also have been tested but, at present, there is
little evidence for the success of this strategy given the prohibitively low prevalence of
disease (16). Therefore, prevention of ovarian cancer may represent the most rational
investigational strategy to obtain a reduction in death from disease.

Chemopreventive agents should be associated with low toxicity and ease of
administration, given the relative state of health of patients pursuing preventive
measures. Moreover, as ovarian carcinoma is a relatively rare cancer, ideal agents
would also prevent other more common cancers the patient might be at risk for such as
colon or breast cancer. Preventive agents in ovarian cancer should also be free of
potential stimulatory effects on other cancer for which the patient may be at risk such as
breast cancer. Non-steroidal anti-inflammatory drugs (NSAIDs) have generated
significant enthusiasm as chemoprevention agents, particularly in the area of colon
carcinoma (3). Moreover, preliminary data exists to suggest that these agents may also
exhibit preventive effects in cancers of the breast, lung, cervix, and other components of

the gastrointestinal tract (4-7). COX-2 inhibitors are a class of NSAID selective for the
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COX-2 enzyme whereby significant upper gastrointestinal toxicity is averted when
administered orally making it an attractive potential chemopreventive agent. Finally,

NSAIDs represent a non-hormonal agent posing little risk of breast cancer.

Intriguing studies have demonstrated an anti-proliferative effect of NSAIDs in
ovarian cancer and other solid tumors. Indeed, a randomized trial comparing
indomethacin to placebo in end stage patients with solid tumors revealed a surprising
survival advantage of 510 days compared to 250 days (p<0.05) in patients with
metastatic cancer (17). Recent reports have also documented the ability of NSAIDs,
and COX-2 inhibitors specifically, to inhibit ovarian tumor cell growth and result in
apoptosis in primary ovarian cancer cell cultures (18). While these studies are
provocative, they more strongly address the role of these agents as anti-neoplastic
drugs rather than agents that either prevent the development of cancer or cause

reversion of the malignant phenotype.

To more directly address the potential preventive role of NSAIDs, case-control
studies of ovarian carcinoma have suggested a risk reduction with the use of some
NSAID derivatives. (8-11). These studies are difficult to interpret due to the
retrospective nature of the study design the potential for recall bias, and the possibility
that the protective effect of these agents might be blunted as they are not taken on a
daily basis in the same way oral contraceptives are. However, the studies led by
Cramer and Rosenberg have suggested a reduction in risk of development of ovarian

cancer associated with aspirin use (10,11).

Thus, the rational was established to study the ability of a COX-2 inhibitor to

reduce the incidence of spontaneous development of genital tract adenocarcinoma in

13
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the laying hen, as this represents an animal model of ovarian carcinoma. Following a
dose finding study, a controlled trial was completed, whereby, a COX-2 inhibitor was
administered and hens exposed to this intervention for 12-22 months were assessed for
the development of carcinoma. No significant difference was observed in our study
suggesting the ability of a COX-2 inhibitor to prevent the development of genital tract
adenocarcinoma in this animal model of ovarian cancer. One can speculate that an
inadequate dose was utilized or an inadequate length of exposure was utilized leading

to the current results.

Alternatively, it is of significant interest that the COX-2 inhibitor intervention had
no significant effect on ovulatory activity in the laying hen. However, the strongest
support for the potential prevention of ovarian carcinoma lies in epidemiological studies
of oral contraceptives. Multiple studies have demonstrated a risk reduction for the
subsequent development of ovarian carcinoma of approximately 50% in regular users of
oral contraceptives (19-36). These data strongly support a protective role of oral
contraceptives against the development of ovarian carcinoma. Historically, the effect
has been attributed to reduction in the number of ovulatory events associated with
regular use of OCs. This theory had been supported by prior studies of progesterone
derivatives in the laying hen model reported previously (37). In this study, a reduction in
risk of development of genital tract adenocarcinoma was observed in those hens
exposed to medroxyprogesterone which was noted to result in a dramatic but temporary
reduction in ovulatory activity. When this study and the current results are taken in
aggregate, there are further potential clues regarding the importance of ovulatory

activity and the development of ovarian cancer that demand further investigation.

14
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In this study, no reduction in the incidence of genital tract adenocarcinoma was
observed in the laying hen model following exposure to a COX-2 inhibitor. It is of
significant interest that no effect on ovulatory activity was observed. This is particularly
relevant given epidemiologic studies that ling a reduction of ovulatory activity to
reduction of risk in ovarian cancer. This study potentially helps shed light on the
importance of reducing ovulatory activity in the pursuit of ideal chemopreventive agents

for ovarian cancer.
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Table 1. Dose levels utilized during initial dose finding study for Rimadyl.

Cohort Dose of COX-2 Inhibitor
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Control: 0 mg/kg body weight
Dose 1: 2.5 mg/kg body weight
Dose 2: 5 mg/kg body weight
Dose 3: 10 mg/kg body weight

Table 2. Egg Laying Production of COX-2 Exposed Hens Compared To Control Hens

During Week 1 Through 97 Of The Study Period.
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Control vs. Rimadyl Egg Producition
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Table 3. Evaluation Of Volume Of Tumor Assessed In Hens Exposed to Rimadyl Versus

Control.
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Volume of Tumor Control Rimadyl Difference
No Tumor 58 52 n.s.
Small 13 17 n.s.
Moderate 23 15 n.s.
Large 62 64 n.s.
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